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Information Abstract 

Article Type: 

Original Article 

Background:Heat-shock proteins (HSPs) are ATP-dependent chaperones 

conserved from bacteria to eukaryotes. In plants, they are necessary to control 

their normal growth, development, and immune responses to environmental 

stimuli. The present study aimed to comprehensively analyze the HSP gene family 

in pistachio and six other plants.  

Materials and methods: An alignment sequence of full-length proteins of 

Arabidopsis, pistachio, orange, corn, date, pine, and pea was prepared using 

MUSCLE and saved in the ClustalW format. Their phylogenetic analysis was 

conducted using the MEGA 6.0 program, with 1000 bootstrap replications. An 

unrooted Maximum-Likelihood was established by the Jones-Taylor-Thornton 

(JTT) model and the same alignment file. Conserved motifs in putative protein 

sequences were recognized by the MEME program using default parameters. In 

order to predict the structure of proteins, the phyre2 web server was used.  

Results: According to the sequence alignment, conserved amino acid sequences 

showed that pistachio and pea shared the greatest similarity. Besides, pistachio 

and orange showed the least identity. The phylogenetic tree revealed that within 

the same sub-families, the most closely related StHsp70 members assigned similar 

exon/intron structures and intron numbers. Additionally, 18 putative conserved 

motifs were identified.  

Conclusion: The present survey indicated the functional characteristics of the 

HSP genes and provided basic information on pistachio and other plants with a 

high commercial and economic value for further studies on their biological 

functions. 
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1. Introduction 
Environmental factors, such as radiation, 

drought, soil salinity, sudden changes in 

temperature and the presence of temperature 

changes, heavy metals, poisons, and chemical 

compounds, as well as, biological factors, such 

as herbivores and pathogens, may affect plants. 

Therefore, plants in their surrounding 

environment interact with many factors and 

environmental stresses [1]. They cann’t change 

their environment to avoid such stresses; thus,, 

so they use different ways of strategies and 

various morphological and physiological 

adaptations to tolerate these such conditions. On 

the other hand, the response to stresses at the 

molecular level is also seen observed in all living 

organisms, which leads to a sudden change in the 

expression of genes, which causinges an 

increase in the synthesis of specific protein 

groups, including HSPs (Heat- Shock Proteins or 

stress-induced proteins); these proteins are 

expressed in the cell almost under the influence 

of many stresses [2]. For example, in 

Arabidopsis and some other plant species, it has 

been seen that low temperature, osmotic stress, 

salinity, oxidative stress, drought, intense 

radiation, as well as heavy metals have led to the 

synthesis of this group of protein groups [3]. 

Some HSPs are also present in cells under 

natural situation and play an essential role in 

cellular homeostasis. They are responsible for 

protein folding, assembly, or aggregation. HSPs 

assist in the translocation and degradation of 

many normal cellular processes. The molecular 

mechanisms, the roles of HSPs as molecular 

chaperones, and their molecular interactions are 

still unclear [4].  

However, for an appropriate agricultural 

yield, plants' ability to response respond to stress 

is crucial [5]. One of the factors influencing 

affecting stress response is HSPs. 

HSPs are one of the most important molecular 

elements activated when plants are under stress 

[6, 7]. They are implicated in growth of the plant 

and how it responds to stresses such as salinity, 

pathogen infection, and insect invasion [6]. It is 

a highly conserved group of stress proteins with 

a molecular size of 10-150 kDa and is present in 

all living organisms from bacteria to humans. 

HSPs are known from their molecular weights 

[8]. They are grouped into five classes based on 

their molecular weight: HSP100, HSP90, 

HSP70, HSP60, and small heat shock proteins 

(SHSPs) [9]. These families participate in 

distinct non-redundant functions at various 

developmental stages and are involved in 

cellular homeostasis. As such, HSPs are 

important for many plant development processes 

and stressful situations [10]. 

HSP70s, one of the most researched HSPs in 

mammals, are discussed along with their mostly 

underestimated functions in plants. HSP70 is a 

major chaperone that maintains protein 

homeostasis. It is  produced as a constitutive 

protein or in response to stress [6]. HSP70 is a 

highly conserved ATP-dependent chaperone 

that exhibits maximal sequence similarity over 

large evolutionary distances. HSP70 DnaK and 

HSP110/SSE are two subfamilies of the plant 

HSP70 protein superfamily. HSP110/SSE and 

HSP70 are composed of 14 and 4 members, 

respectively, encoded in the Arabidopsis 

genome. HSP70 is localized to four distinct 

functional groups in plant cytosol, chloroplast, 

mitochondria, and endoplasmic reticulum. The 

localization of  HSP70 proteins is determined by 

their conserved N- and C-terminal sequences [6, 

11]. Its structure consists of an ATPase and a 

substrate-binding domain that facilitates the 

conformational changes required for rapid 

protein recruitment and release [12]. According 
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to previous transgenic plant studies, Hsp70 

promotes hypersensitivity responses in 

Nicotiana benthamiana leaves, is involved in 

proper leaf and development of root in 

Arabidopsis thaliana, and have a role in 

tolerance of heat stress in Arabidopsis thaliana 

[13]. 

Interdomain communication between the N-

terminal nucleotide-binding domain (NBD)  and 

the C-terminal substrate-binding domain (SBD) 

is facilitated by a conserved linker segment of 

Hsp70s, which is a less conserved 25-kDa C-

terminal substrate-binding domain and a highly 

conserved 40-kDa N-terminal nucleotide-

binding domain [14]. To reveal detailed 

evolutionary information on numerous gene 

families, HSPs have been the subject of 

bioinformatics studies in various plant species. 

The Arabidopsis thaliana, Oryza sativa, and 

Populus trichocarpa HSP70 families, 

respectively, consist of 18, 26, and 20 members, 

respectively, compared to 7, 9, and 10 members 

of in the HSP90 family present [15].  

On the other hand, the pistachio species have 

great economic importance in different 

countries, such as Iran. The pistachio genus 

Pistacia from the family Anacardiaceae includes 

11 species worldwide; three species of pistachio, 

including Atlantica, Khinjuk, and Vera, are 

grown in different regions. Pistachio contain 

numerous proteins, fatty acids (oleic, linoleic, 

palmitic, stearic, and linolenic acid), vitamins 

(E, B3, B1), iron, phosphorus, zinc, potassium, 

and calcium. Thus, it is crucial to study the HSPs 

of this plant compared to other plants that grow 

in different situations to producing them in 

different environmental conditions and 

increasing their resilience to environmental 

stress conditions [16].  

In recent years, protein structural analysis has 

provided a clear perspective on HSP formation, 

maintenance, and application to plant species. 

Protein analyzes need to be found to explore 

species with specific resistance structures that 

are important for molecular breeding programs. 

However, to our knowledge, there is limited 

information on the population structure of the 

pistachio vera collection that has been assessed 

using large-scale, comprehensive protein 

structures. It is crucial to study the impact of 

plant bioinformatics on the progress of 

economically valuable plants and the science of 

their biology. This research aims to investigate 

the genetic diversity at the protein level and the 

sequence of protein-encoding amino acids based 

on sequence alignment, amino acid sequence 

conservation, and phylogenetic analyses using 

bioinformatics analysis in seven plant species. 

This study deals with bioinformatic 

knowledge and investigations in pistachio vera 

compared to other plants. This can be useful for 

plant researchers to use effective tools such as 

new sequencing data to increase plant 

productivity. 

2. Materials and methods 
The protein sequences of 7 plants 

(Arabidopsis, pistachio, orange, corn, date, pine, 

and pea) were retrieved from the NCBI database. 

Their full-length protein sequence alignment 

was prepared using MUSCLE and saved in the 

ClustalW format. Meanwhile, their phylogenetic 

analysis was conducted using the MEGA 6.0 

program with 1000 bootstrap replications. Using 

the same alignment file, an unrooted Maximum-

Likelihood was constructed by the Jones-Taylor-

Thornton (JTT) model. Conserved motifs in the 

putative protein sequences were identified by the 

MEME program (HTTP: meme-

suite.org/tools/meme) with the default 

parameters. In order to predict the structure of 

proteins, the phyre2 web server was used. 
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3. Result 
     3.1. Protein sequences alignment 

Protein sequences of seven plants were 

collected from the NCBI database, ranging from 

649 to 657 amino acids. The amino acid 

sequences were aligned by MUSCLE. 

According to sequence alignment and 

comparison of the amino acid sequences 

conservation among the candidate plants, 

pistachio and pea shared the greatest overall 

identity or similarity among other members 

(92%), while pistachio and orange showed the 

least identity (85%) (Fig.1). 

 

 

Fig. 1 Alignment of the predicted amino acid sequence of HSP70 from Arabidopsis, pistachio, orange, corn, 

date, pine, and pea; Additions and gaps in the sequences are indicated by dashes (–); Amino acids, which are 

conserved among canine babesial isolates, are marked by yellow. 
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Frequencies of amino acids were calculated 

based on all protein sequences. It was indicated 

that the most abundant amino acid in all plants 

(except pea) was Alanine (A). In contrast, 

Glutamic acid (E) was the most abundant amino 

acid in pistachio (59%), pea (58%), date (53%), 

and orange (54%). Alanine and Glutamic acid 

were the most abundant amino acids in date and 

orange. Alanine tends to form α-helix more than 

β-sheet in proteins because of it contains small 

side chain [17]. Glycine (G) and Leucine (L) 

were evolutionarily conserved amino acid 

residues. 

The phylogenetic analysis revealed the 

phylogenetic relationships of HSP70 protein 

sequences among seven plants. In order to find 

the genetic distance, the HSP70 amino acid 

sequences were analyzed. A phylogenetic 

analysis was done using the full-length of 

HSP70 gene coding region and the entire 

sequence of amino acid of HSP70 protein; it 

indicated that all sequences were divided into 2 

clusters. Cluster A was not far away from each, 

even with weak statistical support (Bootstrap 

value = 62) (Fig. 1A). It included pistachio and 

pea, with good statistical support (Bootstrap 

value = 100). Arabidopsis, date, and orange 

developed group B with good statistical support 

(Bootstrap value = 78) (Fig. 1B). Further, date 

and orange were closely related to each other 

with Bootstrap value = 68 based on the analysis 

of amino acid sequences (Fig. 1B). In 

accordance with the amino acids sequence in the 

polymer, proteins fold up into specific shapes, 

and their function is directly related to the 

resulting 3D structure. Based on the evolution 

distance of the phylogeny tree, the third structure 

of 4 plants was predicted in the Phyre2 database. 

These structures showed no significant structure 

for the amino acid sequences of the candidate 

HSP70, exhibiting a high degree of conservation 

to the HSP70. The analysis showed that all 

Pistachio vera was clearly separated from 

Arabidopsis, date, and orange. Two main 

clusters were detected: the first contained pea, 

pistachio, pine, and corn, whereas the second 

included Arabidopsis, date, and orange. Pea was 

the closest species to P. vera, while orange and 

date were the most distant (Fig. 2). 

 

 
 

Fig. 2 Phylogenetic tree based on the heat-shock protein 70 (HSP70); The dendrogram is constructed with the 

Maximum-Likelihood method; Phylogenetic relationship based on the full coding region of HSP70 protein; The 

numbers at the nodes indicate bootstrap support from 1000 replications; The lengths of lines are proportional to 

the bootstrap value. 

 

 



Nahid Askari et al./ Bioinformatics analysis of heat-shock proteins in pistachio compared to six other plant species 

 

Pistachio and Health Journal/ Vol. 5, No. 2, Spring 2022, 4-13 

 

9 

Based on the phylogenetic tree and gene, the 

closest family members of StHSP70 had similar 

exon/intron structures and the numbers of intron 

within the same sub-families. These findings 

were accordant with the characteristics defined 

in the phylogenetic analysis. 

2.3 . Protein structure 

Eighteen putative conserved motifs were 

identified using the Meme Suite web-based 

version to study the protein's diversification 

(Table 1).

 

Table 1 Analysis of conserved motifs of SlHSP70 proteins in seven plants 

 

Motif Width Sequences 

1 50 TYSCVGVWQHDRVEIIANDQGNRTTPSYVAFTDTERLIGDAAKNQVAMNP 

2 50 CERAKRTLSSTAQTTIEIDSLYEGIDFYSTITRARFEELNMDLFRKCMEP 

3 50 FSTYSDNQPGVLIQVYEGERARTKDNNLLGKFELSGIPPAPRGVPQITVC 

4 50 LIFDLGGGTFDVSLLTIEEGIFEVKATAGDTHLGGEDFDNRMVNHFVQEF 

5 50 VEKCLRDAKMDKSTVHDVVLVGGSTRIPKVQQLLQDFFNGKELCKSINPD 

6 50 KNAVVTVPAYFNDSQRQATKDAGVISGLNVMRIINEPTAAAIAYGLDKKA 

7 50 YGAAVQAAILSGEGNEKVQDLLLLDVTPLSLGLETAGGVMTVLIPRNTTI 

8 50 TVFDAKRLIGRRFSDPTVQSDMRHWPFRVIPGPGEKPMIVVQYKGEEKQF 

9 50 TITNDKGRLSKEEIEKMVQEAEKYKSEDEEHKKKVEAKNALENYAYNMRN 

10 50 AADKKKIEDAIDQAIEWLDGNQLAEADEFEDKMKELESLCNPIIARMYQG 

11 21 FDIDANGILNVSAEDKTTGQK 

12 21 AEEISSMVLTKMREIAEAYLG 

13 21 KRKHKKDISGNPRALRRLRTA 

14 15 MAKGEGPAIGIDLGT 

15 21 DDDGPSAGGGSGAGPKIEEVD 

16 11 TIKDDKIASKL 

17 6 PTKKEQ 

18 8 SSVGEKNV 
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All HSP70 proteins showed common motif 

compositions and similar function among them. 

The length of the HSP70 motifs varied from 11 

to 50. Motif 14 was presented in the N-terminal 

region, while motif 15 revealed in the C-terminal 

region. The HSP70s were made of two major 

domains: the N-terminal nucleotide-binding 

domain (NBD) (45 kDa) with a V-shaped 

structure consisting of two subdomains (lobes) 

that enclose the ATP-binding site, and the 

substrate-binding domain (SBD) (25 kDa)  

 

 

consisting of two subdomains of a Beta-sheet 

domain (SBDβ) or Base and an Alpha-helical 

subdomain (SBDα) or Lid domain. There was an 

allosteric relationship between the NBD and the 

SBD in the function of HSP70. The NBD drove 

conformational changes in the SBD, and 

substrate-induced conformational changes were 

transmitted from the SBD to the NBD interface 

[18, 19]. In this analysis, the third structure in 

candidate plants was similar to each other, and 

there were no significant differences among 

them (Fig. 3). 

 

 

  

 

 
 

 

Fig. 3 Heat-shock protein 70 (HSP70)-domain organization and atomic structures of functional conformations; 

A: pistachio, B: Date, C: Pea, D: Orange
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4. Discussion 

In the past few years, bioinformatics analyzes 

have been conducted to find the regions of 

functional genes in tree species. Members of the 

gene families sHSP, HSP40, HSP60, HSP90, 

and HSP100 were found in the poplar genome. 

Bioinformatics studies include DNA/protein 

sequence identification, chromosomal 

localization, gene structure, genome duplication 

calculations, phylogenetic group determination, 

motif regions, genetic category identification, 

protein 3D structure modeling, miRNA 

Targeting gene determination and investigation 

of the members of HSP gene family in 

transcriptome data [20]. HSP20, HSP40, HSP60, 

HSP70, HSP90, and HSP100 are members of a 

conserved subfamily known as 'heat-inducible 

molecular chaperones'. Compared to non-

chaperone proteins, they are 20-fold more likely 

to be induced by heat. Inactive cytosolic HSFA1 

is hypophosphorylated at low temperatures and 

binds to the HSP70-HSP90 complex. According 

to the traditional model, when heat shock occurs, 

the HSP70-HSP90 complex is hijacked by 

excess of the level of cytosolic unfolded, 

misfolded or thermolabile proteins, leaving 

HSFA1 free to activate the HSR [21]. 

HSP70 family members have a critical role to 

save plants from environmental stresses, such as 

salinity, dryness, high or low temperature. The 

present study analyzed the HSP70 protein 

sequences of seven plants, 

including Arabidopsis, pistachio, orange, corn, 

date, pine, and pea. The estimated sequences of 

HSP70 amino acid  were very similar to each 

other, with about 657 amino acids. 

The phylogenetic tree of the HSP70 from 

pistachio and other species of plant showed two 

subfamilies. In the phylogenic analysis based on 

protein sequences of HSP70 reported here, a 

closer relationship between pistachio and pea 

was strangled by the Maximum-Likelihood 

method. Pistachio, a member of the cashew 

family, showed similarities with peas from the 

Legumes family compared to other species. 

However, the orange from Rutaceae and the date 

from Arecaceae were closer in another clade in 

the phylogenetic tree, suggesting that the 

ortholog pair originates from a common 

ancestral gene that existed before the plant 

family diverged. 

The analysis showed that all Pistachio vera 

was clearly separated from Arabidopsis, date, 

and orange. All seven species were grouped and 

separated well in the analysis of cluster and 

structure. The structure and dendrogram 

analyzes divided species into two main clusters: 

the first included all pea, pistachio, pine, and 

corn, whereas the second consisted of the 

Arabidopsis, date, and orange. The first cluster 

was divided into two subclusters: the first 

included pea, pistachio, and pine, while the 

second included corn, with corn being the most 

distant species. Similar results were obtained 

from other subclusters: the first subcluster 

contained Arabidopsis, while the second 

contained date and orange species. 

Environmental stresses such as abiotic 

stresses increase the production of ineffective 

proteins. Many of the molecular chaperones are 

stress proteins, initially known as HSPs. 

Research shows that HSPs regulate the folding, 

aggregation, placement, and degradation of 

proteins in all animal and plant species [22]. 

Among different types of HSPs, HSP70 has a 

critical function in preventing aggregation and 

helping to refold non-native proteins under 

stressful conditions; in contrast, smHSPs alone 

cannot refold non-native proteins but form 

complexes with non-native proteins and other 

HSPs. Additionally, in some complex 
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chaperones, Hsps help misfolded/unfold 

proteins to fold correctly [22]. Therefore, 

various chaperones classes work together in 

protection of cell and play a crucial role, and 

even they play a covering role in protecting of 

proteins against stress. 

Research of genes and proteins related to heat 

shock proteins in closely related species will 

help to better examine the relationship of 

evolution of these proteins and the 

environmental stress that caused their evolution. 

This research helps to a better understanding 

of the genetic polymorphisms in seven species 

that have undergone differential adaptations to 

heat stress. 

5. Conclusions 

Altogether, this study could help with future 

improvements and understanding how 

organisms respond to environmental stresses. 

This study serves as a model for future research 

and provides essential insights into the role of 

this essential gene family. Furthermore, the 

identified genes can be used for cloning 

researches in biotechnological studies to 

produce drought, heat and salinity tolerant 

plants, especially pistachios, which are 

economical and nutritious.  
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